The fact that living organisms are not digested by pepsin or trypsin, whereas dead organisms are rapidly digested, has attracted the attention of biologists and physiologists for many years. The early work was centered chiefly about the defense of the digestive tract, but it was soon recognized that all living matter was resistant to these enzymes. The problem is evidently closely connected with the resistance of the living cell to autolysis by the enzymes already in the cell. It differs from the latter in that by using concentrated solutions of the proteolytic enzymes the digestion of dead cells may be made very rapid in comparison to autolysis. There is a much more striking difference, therefore, in the behavior of dead and living ceils when exposed to trypsin or pepsin than in the autolysis of dead and living ceils. Only the resistance to pepsin and trypsin is considered in this paper.
principle" except that the attribute of "living" is applied spedfically to the protein molecule. Fermi considered that the assumption of a mechanism which prevented the enzyme from entering the living cell was untenable, since there are innumerable types of cell membranes, and it is not reasonable to suppose that they are all impermeable to the enzyme while the cell is living and permeable after the death of the cell. It is evident, however, that if there were such a mechanism it would account for the failure of the enzymes to destroy the cell. The work of Osterhout ~ and others has shown that the permeability of the cell is one of the most characteristic attributes of the living cell and that this permeability changes in a remarkable way when the cell is dead or injured, so that it is not at all unlikely that the permeability to enzymes is also greatly different in the living and the dead cell. It is known also that pepsin and trypsin, at least, are secreted in an inactive form. The present experiments were undertaken, therefore, to determine whether or not pepsin and trypsin actually did enter the living as well as the dead cell. It was found in every case that as long as the cell was alive, no detectable quantity of enzyme was taken up; whereas when the cell died the enzyme was rapidly removed from solution and concentrated in the cell.
Effect of Trypsin on Living and Dead Organisms.
The results of several experiments in which living and dead organisms were exposed to the action of a powerful dialyzed trypsin solution are shown in Table I . They confirm the results of Fermi and other workers, in showing that the living cell is not attacked whereas organisms which have been killed by heat or mechanical injury are rapidly digested. The results were more striking than the figures show, since in some cases the dead organism was almost completely disintegrated although the formol titration increase was small. It may be added that the animals lived just as long in the active enzyme solution as in the inactivated enzyme. The experiment also shows that the slow digestion due to autolysis is negligible compared to that due to the trypsin.
Osterhout, W. J. V., Injury, recovery, and death, in relation to conductivity and permeability, Monographs on experimental biology, Philadelphia and London, 1922.
The digestion of the organisms killed by heat could be readily accounted for by assuming a change in the chemical nature of the proteins or by the destruction of the antienzyme. These objections, however, do not apply to the digestion of the organism when killed simply by mechanical injury. It is difficult to imagine that this would cause a change in the chemical nature of the protein, unless Fermi's "living molecule" is assumed. The antienzyme is present and in the case of earthworms its action is marked, yet, owing to the large excess of enzyme, the tissue digests. In order to see whether the enzyme can penetrate into the organisms the experiments were repeated with the modification that the organisms were placed in a small volume of the enzyme solution. This is necessary since otherwise the change in concentration of the supernatant enzyme solution, on removal of a small quantity of trypsin, would be too small to measure. The concentration of the enzyme in the supernatant solution was then determined at intervals by the vis-cosity method described by tIussey and the writer. 3 Since the volume of the enzyme solution is known, the total amount of enzyme removed can be calculated. In every case the dead organism removed large quantities of the enzyme from solution, while the living organism removed little or none (Table II) . Pepsin and trypsin therefore cannot enter the living tissue. It might be objected that even though it can not enter, the enzyme should attack the surface of the cell. There is considerable reason to suppose that the surface of the cell is not protein in nature, but even though hydrolysis did take place at the surface, it would be so slow compared to the rate when the enzyme was distributed throughout the cell that it could not be detected experimentally. This may be seen from the following approximate calculation. Suppose a block of protein, lg = 1000 gg cube, consists of protein mole-109 cules which are 10gg cube. The block will contain 109 gu3 or -103 10 ~ molecules. The surface layer of the block will contain only 6 X 106 --= 104 molecules. The rate of digestion of the block from the (i X 10 2 8 Northrop, J. H., and Hussey, R. G., J. Gen. Physiol., 1922-23, v, 353. 1 surface only will be, therefore, ~ of the rate if the whole block were attacked. The difference will be still greater owing to the actual concentration of enzyme inside the particle, and becomes rapidly greater as the cell becomes larger. It may be shown by the following experiment that the enzyme is really taken up in an active form and is not merely inactivated or destroyed. Pieces of earthworms which have been killed by mechanical injury or heat are placed in a strong trypsin solution for 1 hour. The trypsin is rapidly removed from solution but in this time no noticeable digestion occurs. The tissue is then removed from the enzyme solution, washed with water, and placed in a small volume of water. After 24 hours at 20°C. the tissue is practically completely digested, while control pieces treated in the same way with inactivated trypsin are unchanged.
If the lack of hydrolysis of living cells were really due to the protective action of the membrane, it should be possible to show that digestion occurs if the enzyme is actually injected into the cell. This experiment has been performed with Amoeba, using Chambers' microinjection technique.* The following are typical experiments.
1. Several Amoeba placed in active and in inactivated 5 per cent dialyzed trypsin remain normal more than 6 hours.
2. Amoeba in active trypsin. Entire cell sucked into capillary pipette and then blown out. Mass of granules embedded in jelly-like protoplasmic mass. This mass is rapidly digested and after 4 to 5 minutes only the granules are left.
A volume of active trypsin equivalent to about 1//3 to 1//4 the volume of the cell was injected. Rapid streaming commences, the injected solution collects into a spherical blister containing granules. The cell contracts in an "attempt" to pinch off this blister. The streaming stops and, although the blister may be pinched off, the cell becomes motionless and disintegrates in the course of a few hours. The membrane of the blister is not attacked and the spherical shape may be retained for some time.
RESISTANCE OF LMNG ORGANISMS TO DIGESTION
Injection of the same trypsin solution inactivated by heat resuits merely in the rapid pinching off of the blister, as described by Chambers in the case of oil drops.
Further confirmation of the idea that the resistance of living organisms to external enzymes is due to the cell membrane may be found in the fact that the injection of lipase into living organisms causes rapid hydrolysis of the extracellular fat. 5
Mechanism of the Concentration of the Enzyme in Dead Tissue.
It has long been known that coagulated proteins remove pepsin or trypsin from the surrounding solution. It was found by the writer that the relative concentration of the enzyme inside and outside of such protein particles was the same as that of other ions whose distribution was determined by the I)onnan equilibrium. It seems necessary to assume, therefore, that the enzymes are ions and that their distribution is determined in the same way as that of other ions. There seems every reason to suppose that a piece of dead tissue acts in the same way as a particle of denatured protein and that the mechanism regulating the distribution is here also the Donnan effect.
SUMMARY.
1. Pepsin and trypsin are quickly removed from solution by dead organisms. They are not able to penetrate into living organisms. 
Trypsin injected into a living

